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The effect of film growth rate on the structure and intrinsic stresses of thin ( 100 nm) Ge films grown 
on GaAs(100) substrates was investigate by High Resolution X-Ray Diffraction (HRXRD). The Ge films 
were deposited onto GaAs using thermal evaporation of Ge in the vacuum. It was shown that pseudomor-
phic films with good structural quality can be obtained by this growth technique. We found out that the 
films have biaxial deformations due to coherent interface and Poisson ratio. The films are elastically com-
pressed in the interface and stretched in the perpendicular [001] direction. The intrinsic deformations of 
thin Ge films strongly depended on the deposition rate. Their correlations with surface roughness, electri-
cal and optical parameters are discussed. 
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1. INTRODUCTION 
 
The Ge/GaAs heterostructure is promising for a 
number of practical applications such as high-
performance solar cells [1-4], metal oxide semiconduc-
tor field-effect transistors [5, 6], microwave diodes [7], 
and sensors, e.g. thermometers [8, 9], and -ray and op-
tical radiation detectors [8, 10-13]. In addition the 
Ge/GaAs is an excellent model system for IV/III-V het-
erostructures in general. This heterostructure is char-
acterized by close values of the components lattice con-
stants as well as practical coincidence of their thermal 
expansion coefficients [1]. These properties are favora-
ble for epitaxial growth and fabrication of films and 
heterojunctions with almost perfect structure. 
The defect formation in the Ge/GaAs heterostruc-
tures depends on which material serves as the sub-
strate (Ge or GaAs). In this work, we consider Ge film 
epitaxy on the GaAs(100) substrate. 
The Ge lattice constant exceeds that of GaAs. 
Therefore, the Ge films grown on GaAs substrates are 
compressed. It was experimentally shown [14] that 
elastically compressed Ge films on GaAs may exist up 
to film thickness of 5 m. In that case, there are no 
mismatch dislocations which could impair the electrical 
properties of the heterojunction. Thus, it is possible to 
form a high-quality interface (without misfit disloca-
tions) in the Ge/GaAs heterostructure. 
The distinguishing feature of Ge films on GaAs is 
the strong dependence of their structural, electrical 
and optical properties, on the method of preparation. 
This is related to possible interdiffusion of the joining 
materials [15-23]. For Ge films, diffused Ga and As at-
oms act as shallow acceptors and donors, respectively. 
Therefore, because of autodoping, the Ge films on GaAs 
may be p- or n-type with different degrees of compensa-
tion including fully compensated [8, 24-27]. Moreover 
the degree of structural perfection of the Ge films, as 
well as the concentration of structural defects in them, is 
determined by the film preparation condition. The Ge 
films can be amorphous, poly- or single crystalline, with 
different degrees of structural perfection. 
The pioneer work on fabrication and investigation 
of the Ge/GaAs heterostructure can be traced to the 
paper by Anderson [28]. A rather large number of stud-
ies has been done to understand the effect of factors 
such as: preparation methods, substrate temperature, 
film thickness and GaAs surface preparation on the 
growth mechanism [29-37], surface and heterobounda-
ry morphology [15, 23, 36-43], intrinsic stresses 
[12, 33, 39-42], electrical [15, 23, 28, 40, 46-48] and 
optical [23, 28, 46, 49] properties of Ge films on GaAs. 
However, the effect of the deposition rate on the prop-
erties of Ge films on GaAs remains not fully explored, 
with few studies considering only high deposition rates 
[50, 51]. 
In our previous [8, 24] and recent work [26, 27, 52] 
we show that deposition rate drastically affects the 
electrical and optical properties as well as surface mor-
phology of thin ( 100 nm) Ge films on GaAs. In particu-
lar we show that efficient control of the film properties 
can be achieved by varying their deposition rate. 
The subject of this paper is further in-depth study 
the effect of film growth rate with focus on structure 
and intrinsic stresses of thin Ge films by using High 
Resolution X-Ray Diffraction (HRXRD). Measured 
rocking curves show that pseudomorphic samples with 
good structural quality can be obtained by this growth 
technique. It was also shown that the films are elas-
tically compressed and intrinsic stresses strongly de-
pended on the deposition rate.  
 
2. PREPARATION CONDITIONS AND  
MEASUREMENT PROCEDURE 
 
The Ge films were deposited using thermal evapo-
ration of Ge in the vacuum (2×10-4 Pa) onto semi-
insulating (107 cm) GaAs(100) substrates. The tem-
perature of GaAs substrate during the film deposition 
was maintained at 500 C. The film deposition rate was 
maintained constant over the course of each deposition; 
and varied (0.02 0.35) nm/s for different specimens. 
The evaporation source was a glass-graphite crucible 
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heated with electric current flowing through it. The 
deposition rate was set by the crucible current that 
determined the Ge evaporation temperature. The film 
thicknesses were 100±20 nm. Before Ge film deposi-
tion, the GaAs substrates were treated with the 
H2SO4:H2O2:H2O = 4:1:1 etchant for 3 min. and ther-
mal annealed in vacuum at 500 С for 15 min. 
The structural quality of Ge/GaAs heterostructure 
was studied by HRXRD using a Philips MRD diffrac-
tometer with a Cu anode X-ray beam. The X-ray source 
was operated at 40 kV and 40 mA. A four-crystal Bar-
tels monochromator was employed using four Ge 022 
reflections to provide a monochromatic beam with a 
divergence of 12 arcsec.  
The intrinsic stresses (σ) due to lattice mismatch 
between Ge and GaAs also were determined from the 
radius of curvature of specimen surfaces using a profil-
ograph and by application of the Stoney’s formula 
[53, 54], 2 [6(1 ) ]Et Rd  where E, t and ν are 
Young’s modulus, thickness and Poisson ratio of the 
substrate, respectively, d is the film thickness and R is 
the heterosystem bending radius. 
 
3. EXPERIMENTAL RESULTS AND DISCUS-
SION 
 
3.1 Structure and Intrinsic Stresses 
 
Fig. 1 shows the experimental and simulated rock-
ing curves (004 reflection) for Ge/GaAs films obtained 
at different growth rates. One can clearly observe the 
Bragg peaks for Ge and GaAs substrate. The Ge films 
are pseudomorphic. The in-plane Ge lattice constant is 
very close to that of GaAs, with corresponding lattice 
constant increasing in the perpendicular direction. The 
left-side shift of Ge film maximum in comparison with 
a bulk Ge single crystal is observed (Fig. 1). The verti-
cal dotted lines in Fig. 1 indicate the diffraction angle 
position for bulk Ge. 
At low deposition rate, the absence of interference 
fringes and higher intensity of tails are caused by some 
structural inhomogeneities of the film and interface 
roughness that were not taken into account at simula-
tions. 
At high growth rate, the interference fringes in the 
Ge film are observed (Fig. 1(b)), thus indicating phase 
coherency of the diffracted waves and high crystalline 
quality of this heterostructure. 
 The investigations of radius of curvature of the 
Ge/GaAs heterostructure showed that Ge films are 
compressed. The intrinsic stresses in the Ge films 
about 100 nm thick also calculated using the Stoney’s 
formula are at the level of several tenth parts of GPa. 
They depend on the film growth rate, decreasing from 
6.7 108 Pa to 2 108 Pa (i.e. by more than three times) 
as the deposition rate decreased from 0.35 nm/s to 
0.02 nm/s (Fig. 2). 
 
3.2 Surface Roughness, Electrical and Optical 
Parameters 
 
In our recent work [27, 52] we show that deposition 
rate also strongly affects the surface morphology, elec-
trical and optical properties of the Ge films. 
 
 
 
Fig. 1 – Rocking curves (004) for Ge films on GaAs. The film 
thickness was 100±20 nm. Ge growth deposition rates used are 
0.02 nm/s (a) and 0.35 nm/s (b). Vertical dotted line denotes 
position of diffraction maximum from the bulk Ge. Simulated 
dotted curves correspond to ideally pseudomorphic film. The 
blue curve in (b) is simulation fitted to experimental data  
 
 
 
Fig. 2 – Dependence of intrinsic stresses ( ) in Ge films on 
GaAs on the film growth rate (V). The film thickness was con-
stant (about 130 nm) 
 
The films prepared at high deposition rate have 
smooth surfaces with root-mean-square (RMS) rough-
ness of about 0.5 nm. In contrast, at low growth rate 
film roughness is large and can reach up to 14.6 nm in 
the film of 100 nm thick. 
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Optical absorption measurements of the Ge films 
show that at energies E < Eg, the optical absorption 
coefficient D depends on the photon energy E as 
]/)(exp[ EED g , where   dE/dlnD  is the charac-
teristic energy that determines the spreading of the 
fundamental absorption edge. For the Ge films in this 
study  does not depend on temperature. This exponen-
tial dependence D(E) is related to the tails in the densi-
ty-of-states in the Ge band gap. The existence of these 
tails permits optical transitions at photon energies be-
low Eg. Table 1 presents the  values for films obtained 
at different deposition rates. As the deposition rate 
decreased, the tails in the density of states, and there-
by the  value, increased. The degree of spreading of 
the fundamental absorption edge  can be varied from 
60 meV up to 140 meV. 
 
Table 1 – Dependencies of intrinsic stresses ( ), characteristic 
energy , resistivity ( ), activation energy of conductivity (ε1), 
conductivity type and root-mean-square (RMS) roughness for 
the Ge films of 100±20 nm thicknesses grown at different dep-
osition rates V. 
 
V (nm/s) 0.02 0.35 
 (Pa) 2 108 6.7 108 
RMS (nm) 14.6 0.49 
 ( /cm) 120 0.02 
1
 (eV) 0.35 0 
Conductivity type p n 
 (meV) 140 70 
The transport phenomena in Ge films obtained at 
low and high deposition rate also differ drastically. The 
Ge films obtained at high deposition rate are n-type, 
low-resistant (0.1-0.01 cm), heavily doped and slight-
ly compensated (Table 1). Temperature dependence of 
conductivity in these films is weak or practically ab-
sent. The films obtained at low deposition rate are p-
type, high-resistant ( 100 cm), heavily doped, and 
strongly compensated; in the limiting case fully com-
pensated. Their conductivity is thermally activated. 
The activation energy of conductivity can reach up to 
half of the Ge band gap (Table 1). 
 
4. CONCLUSION 
 
We present a HRXRD study of Ge/GaAs thin films. 
The measured rocking curves show that an ideally 
pseudomorphic growth of Ge films with good single 
crystal structure can be obtained by this growth tech-
nique. The film-substrate interface is coherent and dis-
location free. It was also shown that the films are elas-
tically compressed and intrinsic stresses strongly de-
pend on the deposition rate. This effect is essential and 
should be taken into account when developing and pro-
ducing devices based on the Ge/GaAs heterostructure. 
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